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(54) VIDEO SIGNAL PROCESSOR 

(57) A phase control circuit sets the phase of a sam- 
pling clock signal for A/D conversion of a video signal in 
order. A binarizing circuit binarizes an analog video sig- 
nal. A first counter circuit counts the changes of the out- 
put signal of the binarizing circuit. An A/D converting 
circuit digitizes the input signal. A second counter circuit 
counts the changes of the most significant bit of the A/D 
converting circuit A subtracting circuit subtracts one 

Fig.1 



from the other of the output signals of the two counter 
circuits. By changing the phase of the sampling clock 
signal of the A/D conversion in order within one period, 
the subtraction results are found, and this process is 
repeated for one or more periods. Thus the phase of the 
optimum sampling clock is set according to the subtrac- 
tion results. 
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Description 
*' TECHNICAL FIELD 

[0001] The present invention relates to a video sig- 5 
nal processing apparatus which converts an analog 
video signal to a digital signal. 

BACKGROUND ART 

10 

[0002] Recently, a liquid crystal display device is 
mainly developed as a video apparatus to replace a 
cathode. ray tube (CRT) display therewith. Video signals 
received from a personal computer by a display device 
such as a liquid crystal display (LCD) device are analog. 15 
signals, and the signal level thereof changes in the unit 
of dot period. Therefore, a sampling clock signal match- 
ing to the dot period is needed for signal processing 
when the signal is written to a memory, when the signal 
is displayed on a matrix display device, and the like. 20 
However, most personal computers do not have an out- 
put terminal of such a sampling dock signal. Therefore, 
it is necessary to reproduce the sampling clock signal 
based on horizontal synchronization signal or the like 
received from a computer or the like. Further, the analog 25 
video signal cannot be obtained correctly if it is not sam- 
pled at a timing in a dot period when a stable signal is 
outputted. Therefore, the sampling timing has to be 
appropriate. Then, an appropriate timing of the sam- 
pling clock signal is set manually. 30 
[0003] In a video apparatus, the sampling clock sig- 
nal can be reproduced with a phase-locked loop (PLL) 
circuit by multiplying the input horizontal synchroniza- 
tion signal and by making both frequency and phase 
match to those of the input signal. However, the output 35 
signal of the PLL circuit has a phase delay because the 
timing signal required for display control is generated in 
a logic circuit at a later stage. Because this phase delay 
depends on the frequency of the input signal, it can not 
determined uniquely in a video apparatus which can 40 
receive various input signals. Therefore, scattering of 
the timing signal due to phase delay is a problem, espe- 
cially on sampling. 

[0004] In order to optimize the sampling point, a 
video information apparatus disclosed in Japanese Pat- 45 
ent laid open Publication 9-149291 (1997) uses auto- 
correlation of video signals between frames. That is, a 
delay time of sampling clock signal is changed succes- 
sively, and the auto-correlation between frames of video 
signals after analog-to-digital conversion is determined so 
for each delay time. Then, a point having low correlation 
is adopted as a point at which the signal is changed. 
Then, by changing the sampling clock delay, an opti- 
mum sampling point is determined at a midpoint or 
thereabout of the signal-changing point. However, this 55 
conventional optimizing circuit needs a frame memory 
in order to determine the correlation value. Therefore, a 
complicated memory control circuit and high-speed 



clock signal are needed. A method using multiple A/D 
converter circuits is known as a method not using a 
memory. However, this method has a problem that a 
plurality of delay circuits for sampling clock are neces- 
sary. 

[0005] An object of the invention is to provide a 
video signal processing apparatus which optimizes the 
sampling point when an analog video signal is con- 
verted to a digital signal. 

DISCLOSURE OF THE INVENTION 

[0006] A first video signal processing apparatus 
according to the present invention comprises: 

a clock generator which generates a sampling clock 
signal for digitizing a video signal based on an input 
synchronization signal; 

a phase controller which controls phase of the sam- 
pling clock signal at one of a plurality of phases in 
one period of the sampling clock signal; 
a first signal generator which generates a first sig- 
nal when the input video signal is larger than a 
threshold level; 

a first counter which counts the first signal received 
from the first signal generator in a predetermined 
time; 

a second signal generator which generates a sec- 
ond signal when the input video signal is larger than 
another threshold level, at a timing according to the 
sampling clock signal controlled by the phase con- 
troller; 

a second counter which counts the second signal 
received from the second signal generator in the 
predetermined time; and 

a controller which makes the phase controller 
sequentially change the phase of the sampling 
clock signal in a period of the sampling ctocn signal, 
repeats the phase change over one or more peri- 
ods of the sampling clock signal and sets the pna&s 
of the optimum sampling clock signal based on a 
difference between the output signals of the first 
and second counters obtained for each of the 
changed phases. 

For example, the controller set the optimum phase of 
the sampling clock signal according to a plurality of the 
subtraction results obtained by the subtracter which 
performs subtraction between the output signals of the 
first and second counters. Thus, the phase of the sam- 
pling clock signal can be controlled by using a simple 
structure that the times of the cases when the video sig- 
nal exceeds the threshold level is counted by the two 
counters. Further, timing control of the output signal of 
the binarizer circuit and that of an an alog-to- digital con- 
verter are not needed. Further, high speed sampling 
clock signal is not needed to. control the phase of the 
sampling clock signal, so that consumption power can 
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bd-decreased. Further, because the sampling clock sig- 
nal is not needed after the output of the binarizer circuit 
and the analog-to-digital converter, the counters can 
process a high speed signal. Therefore, this decreases 
consumption power and is advantageous tor fabricating 5 
a large scale integrated circuit thereof. 
[0007] In the video signal processing circuit, the 
optimum sampling clock timing can be set in various 
ways. For example, the controller sets a phase of the 
sampling clock signal, at which an absolute value of the 10 
count values of the first and second signals Is equal to 
or smaller than a predetermined value, to the phase of 
optimum sampling clock signal. Alternatively, the con- 
troller sets a phase of the sampling clock signal, at 
which an absolute value of the count values of thefirst 15 
and second signals is equal to or smaller than a prede- 
termined value and the absolute value is smallest, to 
phase of optimum sampling clock signal. Alternatively, 
the controller makes the phase controller change 
sequentially the phase of sampling clock signal in a 20 
period of the sampling clock signal, and when the con- 
troller continuously detects a phase of the sampling 
clock signal, at which an absolute value of count values 
of the first and second signals is equal to or smaller than 
a predetermined value, the controller sets a center 25 
value of the continuously detected phases of the sam- 
pling clock signal to the phase of optimum sampling 
clock signal. Alternatively, the controller makes the 
phase controller change sequentially the phase of sam- 
pling clock signal in a period of the sampling clock sig- 30 
nal, and when the controller detects two or more phases 
of the sampling clock signal, at which an absolute value 
of count values of the first and second signals becomes 
maximum, the controller sets a center value of the two 
or more phases of the sampling clock signal to the 35 
phase of optimum sampling clock signal. 
[0008] Further, in the video signal processing cir- 
cuit, the controller preferably stops to control the phase 
controller when the output value of the first counter is 
equal to or smaller than a predetermined value. Thus, 40 
the phase control is stopped for video signal which does 
not change much, so that malfunction is prevented 
when the optimum sampling point is detected. 
[0009] Further, in the video signal processing cir- 
cuit, the controller preferably further comprises a 45 
threshold level controller which controls the threshold 
level of the first signal generator, and a comparator 
which compares the output signal of the second signal 
generator with a different threshold level. The controller 
decides whether the output value of the first counter is so 
equal to or smaller than the predetermined level. Then, 
it decreases the threshold levels of the first signal gen- 
erator and of the comparator when the output value of 
the first counter is equal to or smaller than the predeter- 
mined value. The output of the first counter is equal to or 55 
smaller than the predetermined value when the video 
signal has low level. Then, in such a case, the level for 
signal detection is decreased, so that the optimum sam- 



pling point can be detected even when the video signal 
has low level. 

[0010] In a first video signal processing method 
according to the invention, a sampling clock signal is 
generated for digitizing a video signal based on an input 
synchronization signal, and phase of the sampling clock 
signal at one of a plurality of phases is changed sequen- 
tially in one period of the sampling clock signal. The 
phase setting is repeated over one or more periods of 
the sampling clock signal, and for each of the phase set- 
ting, a first signal is generated when the input video sig- 
nal is larger than a threshold level and the first signal is 
counted in a predetermined time. Further, a second sig- 
nal is generated when the input video signal is larger 
than another threshold level at a timing according to the 
sampling clock signal, and the second signal is counted 
in a predetermined time. Then, a phase of optimum 
sampling clock signal is set based on differences 
between the count values obtained by repeating the 
phase change. 

[0011] In the video signal processing method, pref- 
erably, the phase control is stopped when the count 
value of the first signal is decided to be equal to or 
smaller than a predetermined value. 
[0012] In the video signal processing method, pref- 
erably, when the count value of the first signal is decided 
to be equal to or smaller than a predetermined value, 
threshold levels for the first and second signals are 
decreased. 

[0013] A second video signal processing apparatus 
according to the invention comprises: 



a signal generator which binarizes an input video 
signal; 

a clock generator which generates a sampling clock 
signal based on an input synchronization signal; 
a phase controller which controls phase of the sam- 
pling clock signal at one of a plurality of phases In 
one period of the sampling clock signal; 
a delay circuit which delays an output signal of the 
signal generator by one sampling period; 
a maximum detector which receives the output sig- 
nal of the signal generator and that of the delay cir- 
cuit and performs subtraction of the two output 
signals to provide a maximum value of the absolute 
value of the subtraction; and 
a controller which makes the phase controller 
sequentially change the phase of sampling clock 
signal by the phase controller in a period of the 
sampling clock signal, repeats the phase setting 
over one or more periods of the sampling clock sig- 
nal to decide the largest value in distribution of 
maximum values detected by the maximum detec- 
tor and sets the phase of the largest value to an 
optimum sampling point. According to this inven- 
tion, the sampling timing can be controlled by using 
a simple structure where subtraction results are 
obtained on video signal around one sampling, and 
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distribution of absolute value of maximum value is 
detected. Further, by detecting the distribution of 
absolute value of maximum value, change in signal 
level can be detected, and correct sampling phase 
can be set. 

[0014] In a second video signal processing method 
according to the invention, a sampling clock signal 
which digitizes a video signal is generated based on 
input synchronization signal, and phase of the sampling 
clock is changed sequentially at one of a plurality of 
phases in one period of the sampling clock signal. For 
each of the phase change, the input video signal is bina- 
rized, and the binarized signal is delayed by one sam- 
pling period, and the binarized signal. The delayed 
signo" are received in a predetermined time and sub- 
traction of the two output signals is performed to detect 
a maximum value of the absolute value of subtraction. 
Then, the largest vaUe is deeded in distribution of the 
detected maximum values and the phase of the largest 
value is set to an optimum sampling point. 
[0015] A third video s gnal processing apparatus 
according to the invention comprises: 

a clock generator which generates a sampling clock 
signal based on an input synchronization signal; 
a phase controller which controls phase of the sam- 
pling clock signal generated by the clock generator; 
a signal generator which receives a video signal 
which changes alternately at a frequency of the 
sampling dock signal and binarizes the video signal 
at a timing of the sampling clock signal; 
a two-phase processor which subjects an output 
signal of the signal generator to two-phase 
processing; 

a plurality of level change detectors which detect 
the existence of level change for a plurality of output 
signals of the two-phase processor; and 
a controller which makes the phase controller 
change phase of the sampling clock sequentially 
and sets a phase, at which any of the level change 
detectors does not detect level change, to an opti- 
mum sampling point. Therefore, the sampling clock 
can be optimized at low speed processing. 

[0016] in a third video signal processing method 
according to the invention, a sampling clock signal for 
digitizing a video signal is generated based on an input 
synchronization signal, and phase of the sampling clock 
signal is changed sequentially in a period of the sam- 
pling clock signal. The phase change is repeated over 
one or more periods of the sampling clock signal, 
wherein for each of phase change, a video signal which 
changes alternately at a frequency of the sampling 
clock signal is received, the video signal is binarized at 
a sampling timing of the sampling clock signal, the bina- 
rized signal is subjected to two-phase processing, and 
the level change is detected for a plurality of the output 



signals obtained in the two-phase processing. Then, a 
phase, at which the level change is not detected for any 
of the output signals, is set to an optimum sampling 
point 

5 [001 7] This summary of the invention does not nec- 
essarily describe ail necessary features so that the 
invention may also be a sub-combination of these 
described features. 

W BRIEF EXPLANATION OF THE DRAWINGS 



[0018] 

Fig. 1 is a block diagram of a video signal process- 
15 ing apparatus according to a first embodiment of 
the present invention; 

Fig. 2 is a circuit diagram of a phase controller cir- 
cuit; 

Rg. 3 is a flowchart of control of a first decision cir- 
20 cuit; 

Rg. 4 is a waveform diagram of the video signal 
processing apparatus according to the first embod- 
iment of the present invention; 
Fig. 5 is a block diagram of a video signal process- 
es ing apparatus according to a second embodiment 
of the present invention; 

Fig. 6 is a block diagram of a video signal process- 
ing apparatus according to a third embodiment of 
the present invention; 
30 Rg. 7 is a flowchart of control of a first decision cir- 
cuit; 

Fig. 8 is a block diagram of a video signal process- 
ing apparatus according to a fourth embodiment of 
the present invention; 
35 Fig. 9 is a flowchart of control of a fourth decision 
circuit; 

Fig. 1 0 is a block diagram of a video signal process- 
ing apparatus according to a fifth embodiment of 
the present invention; 
40 Rg. 11 is a timing chart of two-phase processing; 
and 

Rg. 1 2 is a flowchart of control of a fifth decision cir- 
cuit. 

45 BEST MODE FOR CARRYING OUT THE INVENTION 

[0019] Embodiments of a video signal processing 
apparatus according to the present invention are 
described in detail below with reference to the 
so appended drawings, wherein like reference characters 
designate like or corresponding parts throughout the 
several views. 

[0020] Fig. 1 shows a video signal processing 
apparatus according to a first embodiment of the 
55 present invention. The video signal processing appara- 
tus is for example a liquid crystal display device. In the 
video signal processing apparatus of the embodiment, 
an input analog video signal is compared with a thresh- 
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oltfievel by a binarizing circuit 6 and an analog-to-digital 
(A/D) converter circuit 2, and two counters 7, 8 count 
times when a video signal is changed over the threshold 
level, in a predetermined time. The A/D converter 2 per- 
forms the conversion at a controlled phase of sampling 
clock signal. Thus, the binarizing circuit 6 and the A/D 
converter 2 perform the comparison with the threshold 
level at different timings. When the phase of sampling 
clock signal is appropriate, there is no difference 
between the two counts, but when the phase is not 
appropriate, the difference between the two counts 
becomes large. Then, as to the sampling clock signal, a 
plurality of phases (for example, four phases) or sam- 
pling timing can be selected sequentially in one period 
of sampling clock signal. Then, a phase controller circuit 
5 selects the phase sequentially in one period, and the 
above-mentioned two counts are determined for each of 
the selectable phases (sampling timings) in a predeter- 
mined time (equal to or longer than one period). Then, 
differences between the counts obtained for each of the 
selectable phases are compared, and the phase at 
which the difference becomes smaller than a predeter- 
mined value is set to an optimum phase for processing 
video signals. 

[0021] This is further explained in detail with refer- 
ence to Fig. 1 . An input video signal 1 is supplied to the 
A/D converter 2.' On the other hand, a sampling clock 
signal 70 is generated based on a synchronization sig- 
nal (for example a horizontal synchronization signal) 3 
by the phase-locked logic (PLL) circuit 4 and the phase 
controller 5. The PLL circuit 4 generates a sampling 
clock signal based on the synchronization signal. As 
shown in Fig. 2, the phase controller 5 comprises three 
delay elements 51 , 52 and 53 connected in series and a 
selector 54. By controlling the selector 54 according to 
a phase control signal 90, four signals of different 
phases can be outputted in one period of sampling 
clock signal. That is, the phase controller 5 outputs a 
clock signal of a phase in correspondence to the phase 
control signal 90 to the A/D converter 2. The A/D con- 
verter 2 samples the input video signal t at the sam- 
pling clock timing due to the clock signal, and outputs an 
8-bit digital signal to an image processing circuit 1 1 . The 
video processing circuit 11 performs enlargement, 
reduction or the like and displays the obtained video 
data on a liquid crystal display panel 1 2. 
[0022] Further, the input image signal 1 is also sup- 
plied to the binarizing circuit 6 comprising a comparator. 
The binarizing circuit 6 compares it with a predeter- 
mined level to binarize the input image signal 1, and a 
bi-level output signal 60 is supplied to the first counter 7. 
(For example as shown in Fig. 4. the predetermined 
level is set to 0.5 V for video signal of 1 V.) Further, the 
topmost bit signal 80 from the A/D converter 2 is sup- 
plied to the second counter 8. The first and second 
counters 7, 8 count input signals in a predetermined 
time (for example, one vertical period or a plurality of 
horizontal periods) and supply the results to a subtrac- 



tor circuit 9. The topmost bit from the A/D converter 2 is 
binarized with the same level of threshold level as the 
binarizing circuit 6. Therefore, the first and second 
counters 7, 8 perform binarization with the same thresh- 
5 old level eventually to count the change in video signal. 
(However, the threshold level is not necessarily the 
same.) The subtractor 9 performs subtraction of the 
count values from the first and second counters 7, 8 and 
supplies the absolute value of the difference of the two 
10 count values to a first decider circuit 10. The first 
decider circuit 1 0 sequentially changes the phase to be 
set by the phase controller 5 in a period and determines 
at each different phase whether the absolute value sup- 
plied from the subtractor 9 is within a predetermined 
15 range. The phase at which the absolute value is within 
this range is set to the optimum sampling phase. 
[0023] The first decider circuit has a central 
processing unit (CPU). As explained above, it sends a 
phase control signal 90 to the phase controller 5 to con- 
20 trol the phase of sampling clock and to set the optimum 
sampling clock for the second counter 8. Fig. 3 shows a 
flow of sampling optimization by the CPU. First, the 
phase control signal 90 is sent to the phase controllers 
to advance the selector 54 by one (step S10), to set a 
25 sampling phase in a period of sampling clock signal. 
Next, the count values in the first and second counters 
7, 8 are reset (step S12). Then, the two counters 7, 8 
continue counting (step S14). The counting at step S14 
is repeated until a predetermined time elapses (step 
30 S16). When the predetermined time elapses, it is 
decided whether the absolute values of the difference of 
the counts from the subtractor 9 is smaller than a prede- 
termined value or not (step S1 8). If the absolute value of 
the difference of the counts from the subtractor 9 is 
35 equal to or larger than the predetermined value, the 
sampling phase is an anomalous one. Then, the flow 
returns to step S1 0, and the phase is reset to a next one 
to repeat the above processing. If the absolute value of 
the difference of the counts from the subtractor 9 is 
40 smaller than the predetermined value, the sampling 
phase is decided to be an optimum one (step S20). 
Thus, the optimum phase of the sampling clock signal is 
set. 

[0024] Fig. 4 shows waveforms of signals in the 
45 video signal processing apparatus. With reference to 
the waveforms, operation is explained when the sam- 
pling phase is appropriate and when it is inappropriate. 
In the video signals shown in Fig. 4, vertical solid line 
represents basic phase, while dashed lines represent 
so three phases obtained by delay. The sampling phase is 
controlled at four values in one period of sampling clock 
by the phase controller 5. The phase of the phase con- 
troller 5 is changed sequentially in one period of the 
sampling clock, and this is repeated over one or more 
55 periods of sampling clock. In correspondence to the four 
phases, the topmost bit outputted by the A/D converter 
2 which digitized the video signal is changed, as shown 
in Fig. 4 as A, B, C and D. In case of A, sampling is per- 
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formed at sampling points 51 , 55 and the like. Similarly, 
in case of B, sampling is performed at sampling points 
* 52, 56 and the like, in case of C, sampling is performed 
at sampling points 53, 57 and the like, and in case of D, 
sampling is performed at sampling points 54, 58 and the 
like. In the case of C, the output signal 80 of the A/D 
converter 2 becomes most unstable because sampling 
is performed at a changing portion in the input signal. 
Therefore, as will be understood by comparing the bi- 
level signal 60 with the topmost bit 80, the output data of 
the first counter 7 is different largely from that of the sec- 
ond counter 8, and the subtraction result or difference of 
a large value is supplied to the first decider 10. The first 
decider 1 0 decides that a sampling point at which the 
absolute value of the output value of the subtracter 9 is 
equal to or larger than the predetermined value is a bad 
sampling point. In the case of C, the sampling phase is 
inappropriate. The phase controller 5 controls the phase 
at a plurality of sampling points, and the optimum sam- 
pling point is decided by the first decider 10 based on 
the plurality of subtraction results. In the example shown 
in Fig. 4, the value of subtraction result is large for C and 
small for A, B and D. By setting an appropriate value, a 
phase at least satisfying that the absolute value of the 
subtraction result is smaller than the predetermined 
value is selected as the optimum sampling phase. 
[0025] The optimum sampling phase can be 
selected in various ways. For example, when there are 
a plurality of cases where the absolute values of the 
subtraction result is equal to or smaller than the prede- 
termined value, a phase in correspondence to the 
smallest value among them may be adopted. 
[0026] Alternatively, when there are a plurality of 
cases where the absolute value of the subtraction result 
is equal to or smaller than the predetermined value, a 
center thereof may be set to the optimum sampling 
phase. Thus, the sampling point can be set more stably. 
[0027] As mentioned above, the phase of the phase 
controller 5 is changed sequentially in one period of 
sampling clock, and this is repeated over one or more 
periods. When two or more phases are found to have 
the maximum subtraction result (for example, phase 53 
in Fig. 4), the center thereof may be set to the optimum 
phase. 

[0028] By controlling the phase of sampling clock 
signal sequentially to detect the largest and the smallest 
in one period of sampling clock signal, the set value for 
the first decider 10 may be determined as the difference 
between the largest and smallest values multiplied with 
a predetermined factor. 

[0029] Further, the difference between the two 
count values may be detected generally with a different 
calculation technique, without using the subtractor. 
[0030] In the above-mentioned video signal 
processing apparatus, the optimum phase can be set 
with a low-cost circuit structure because the binarized 
signals are used. Further, it is not necessary to adjust 
the output signal of the binarizing circuit with a digital 



circuit following the A/D converter. Further, because the 
number of level change is detected, a PLL circuit does 
not need to output a high-speed sampling clock, and 
low power consumption can be achieved. The adjust- 

5 ment of the sampling timing becomes important as the 
frequency of video signal is increased, while the video 
signal processing apparatus can optimize the sampling 
point even when the frequency becomes higher. 
[0031] Fig. 5 shows a structure of a video signal 

w processing apparatus according to a second embodi- 
ment of the present invention. In the video signal 
processing apparatus according to the first embodiment 
shown in Rg. 1 , the detection of the optimum sampling 
point may be operated erroneously for video information 

15 which does not change much. Then, in the video signal 
processing apparatus according to this embodiment, 
the above-mentioned optimum phase setting of sam- 
pling clock is not performed for video information which 
does not change much. 

20 [0032] As shown in Fig. 5, a second decider 1 3 and 
a phase control stopper circuit 14 are provided further. 
The second decider 13 has a comparator, which com- 
pares the count value outputted by the first counter 8 
with a predetermined value. When the count value is 

25 equal to or smaller than the predetermined value, a 
phase control stop signal 100 is sent to the phase con- 
trol stopper circuit 14 in order to stop to output the 
phase control signal 90. The phase control stopper cir- 
cuit 14 has a switch which passes the phase control sig- 

30 nal 90, and the switch is controlled by the phase control 
stop signal 1 00. 

[0033] The operation is explained further. For ordi- 
nary video signals, the phase control stopper circuit 14 
does not receive the phase control stop signal 100 

35 because the count value outputted by the first counter 8 
is equal to or larger than the predetermined value. In 
this case, the phase control stopper circuit 14 sends the 
phase control signal 90 as received from the first 
decider 10 to the phase controller 5. Then, the phase 

40 controller 5 controls the phase sequentially according to 
the phase control signal 90 and sets the optimum sam- 
pling phase. 

[0034] On the contrary, when the count value out- 
putted by the first counter 8 is found to be smaller than 

45 the predetermined value, the phase control stopper cir- 
cuit 14 receives the phase control stop signal 100 from 
the second decider 13. Then, the phase control stopper 
circuit 14 stops to output the phase control signal 90 
received from the first decider 1 0. When the count value 

so outputted by the first counter 8 is equal to or smaller 
than the predetermined value, this means that the video 
signal does not change much. In such a case, in order 
to avoid malfunction in the detection of optimum sam- 
pling point, the optimization of sampling timing is not 

55 performed. Thus, the phase control is stopped by the 
phase control stopper circuit 14 when the output signal 
of the first counter 8 is equal to or smaller than the pre- 
determined value. Then, malfunction of the detection of 
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optimum sampling point is prevented for video signal 
which does not change much. 
[0035] Fig. 6 is a block diagram of a video signal 
processing apparatus according to a third embodiment 
of the present invention. In the video signal processing 
apparatus, the optimum sampling point is detected even 
when the video signal has a small level. A third decider 
circuit 17 is provided to decrease the threshold level of 
the binarizing circuit and that for the digital value output- 
ted by the A/D converter to detect the optimum sam- 
pling point. 

[0036] The video signal processing apparatus has a 
binarization level controller circuit 15, a comparator 16 
and a third decider circuit 17. The binarization level con- 
troller circuit 15 converts the threshold level from- the 
third decider circuit 17 to an analog level and outputs it 
to a threshold level of the binarization circuit 6. Further, 
the comparator 16 compares the output signal of the 
A/D converter 2 with the threshold level from the third 
decider 1 7. The third decider 1 7 has a CPU and detects 
the optimum sampling point even when the video signal 
has a small level, by setting a small threshold level for 
binarization in the binarization circuit 6 and the compa- 
rator 16. Further, when the video information has a 
small level (or when video information equal to or larger 
than a predetermined value is not detected), the third 
decider 17 outputs a phase control stop signal 110 to 
the phase control stopper circuit 14 to stop the adjust- 
ment of the optimum sampling point In this case, it is 
informed to an operator with a video image, an audio 
signal, a light-emitting diode or the like. The phase con- 
trol stopper circuit 14 has a switch to pass the phase 
control signal 90, and the switch is controlled with the 
phase control stop signal 110. Thus, an optimum sam- 
pling point can be set, similarly to the video signal 
processing apparatus of the first embodiment 
[0037] Fig. 7 shows a flow of control by the CPU of 
the third decider 17. First, a count value output from the 
first counter 8 is compared with a predetermined value 
(step S20). If the value outputted by the first counter 8 is 
equal to or larger than the predetermined value, the 
phase control stop signal 110 is not outputted (step 
S30). Then, the phase control stopper circuit 14 sends 
the as-received phase control signal 90 from the first 
decider 1 0 to the phase controller 5, and the phase con- 
troller 5 controls the phase sequentially with the phase 
control signal 90 and sets the optimum sampling phase. 
This is the control for ordinary video signal. 
[0038] On the contrary, if the value outputted by the 
first counter 8 is smaller than the predetermined value, 
the phase control stop signal 1 10 is sent to the phase 
control stopper circuit 14 (step S22). Then, the phase 
control stopper circuit 14 stops to output the phase con- 
trol signal 90 received from the first decider 10 to the 
phase controller 5. Further, the third decider 17 
decreases the threshold level (analog value) for binari- 
zation in the binarization level controller 15 (step S24), 
and it is decided again whether the output value from 



the first counter 8 is equal to or larger than the threshold 
value or not (step S26). If it is decided that the output 
value from the first counter 8 is smaller than the thresh- 
old value even after the threshold value is set lower, the 
5 flow returns to step S24 to change the threshold value 
again. If the value outputted by the first counter 8 is 
decided equal to or larger than the predetermined 
value, the threshold level is supplied to the comparator 
16 (step S28). Then, the digital output signal from the 
70 A/D converter 2 is compared with the same threshold 
level as the binarization circuit 6, to give a bi-leve! value. 
Next, the phase control stop signal 1 1 0 is stopped to be 
supplied to the phase control stopper circuit 14 (step 
S30), and the control of the optimum sampling point is 
15 performed That is, the phase control stopper 1 4 sends 
the phase control signal 90 to the phase control circuit 5 
to adjust the optimum sampling point. Thus, when the 
count value of the first punter 8 is equal to or smaller 
than the predeterminea value, the third decider 17 
20 changes the threshold level of the binarization in the 
binarization circuit 6 and that in the comparator 16, so 
that the optimum sampling point can be detected even 
when the video information is small. 
[0039] Next, a video signal processing apparatus 
25 according to a fourth embodiment of the present inven- 
tion is explained. In the video signal processing appara- 
tus, the subtraction result of video signals around a 
sampling timing is determined by changing the phase. 
The largest in the absolute values of the subtraction 
30 results corresponds to a phase at which the change in 
signal level is largest. Then, the phase in correspond- 
ence to the largest value in the distribution of the abso- 
lute values of the maximum values is set to the optimum 
sampling point. 

35 [0040] Fig. 8 is a block diagram of the video signal 
processing apparatus of the fourth embodiment The 
phase controller 5 controls the phase of the sampling 
clock signal from the PLL circuit 4 and supplies it to the 
A/D converter 2 and to a delay circuit 20. The A/D con- 

40 verter 2 digitizes the input video signal 1 . The delay cir- 
cuit 20 has a delay flip-flop (D-FF) operated with the 
sampling clock signal, and it delays the topmost bit of 
the output signal of the A/D converter 2 by one sampling 
clock period. A subtracter 21 receives output signals 

45 from the A/D converter 2 and from the delay circuit 20 
and performs subtraction between them to send the 
result to a maximum detector circuit 22. The maximum 
detector 22 detects a maximum in the absolute values 
of the subtraction value around one sampling and sends 

so it to a fourth decider 23. The fourth decider 23 sends a 
phase control signal to the phase controller 5 to control 
the phase of the sampling clock signal sequentially and 
to decide a phase at the largest among the maximum 
values detected by the maximum detector 22. Then the 

55 largest value is set to the optimum sampling point for the 
phase controller 15. Thus, by using a simple circuit 
structure where the maximum value of the subtraction 
value of video signal around one sampling is detected, 
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the optimum sampling point can be detected. By detect- 
ing distribution of the maximum values, change in signal 
* level can be detected, and a correct sampling phase is 
set It can also be detected simultaneously that the 
video signal is made of constant level such as all white, 
and malfunction can be prevented. 
[0041] Fig. 9 shows a flow of control of a CPU in the 
fourth decider 22. First, the phase control signal 90 is 
sent to the phase controller 5 to set a first sampling 
phase In one period of sampling clock signal (step S50). 
Next, a maximum of the absolute value of the difference 
of video signals around one sampling is determined 
(step S52). Next, it is checked whether the measure- 
ment is completed on all the sampling phases which 
can be set in one period (step S54). if it is checked that 
the measurement is not completed, the flow returns to 
step S50, to set the phase control signal for a next sam- 
pling phase and the absolute value of the difference is 
received. If it is checked that the measurement is com- 
pleted on all the sampling phases, the phase control 
signal is determined for the phase to result in the largest 
in the maximum values of the absolute value of the dif- 
ference is determined in the phases in one period (step 
S56). 

[0042] Next, a video signal processing apparatus in 
a fifth embodiment of the invention is explained. As 
shown in Fig. 10, in the video signal processing appara- 
tus, the optimum sampling timing is adjusted by using a 
particular video signal 30 which changes alternately at 
the period of sampling frequency The phase controller 
5 adjusts the phase of sampling clock signal generated 
by the PLL circuit 4. The A/D converter 2 digitizes the 
particular video signal 30. Next, one or a plurality of bits 
in the output signal of the A/D converter 2 is processed 
in two lines by a two-phase processor circuit. In the two- 
phase processor circuit, the signal from the A/D con- 
verter 2 is sent to delay flip-flops (D-FF) 34, 35 in the 
two lines. Further, inverters 31, 33 and a 1/2 frequency 
demultipiier 32 generates a clock signal of a frequency 
halved on the sampling clock signal and an inverted 
clock signal, which are supplied to the delay flip-flops 
(D-FF) 34 and 35, respectively, as clock signals. A tim- 
ing chart shown in Fig. 1 1 shows output signals of each 
circuit. For example, if the input signal (an output signal 
of A/D converter) is changed at the sampling period 
alternately between white and black, output signals of 
the two lines subjected to the two-phase processing 
(outputs of the delayed flip-flops 35, 34) are necessarily 
at constant levels (white, white, white, .... or black, black, 
...) as far as the sampling timing is appropriate, or the 
level change is observed. Level change detectors 36 
and 37 detect change in output signal of the delay flip 
flop 34, 35, and the detection result of level change is 
supplied to a fifth decider circuit 38. For example, when 
level change occurs, status signal of "1" is sent to the 
fifth decider 38. In this case, the fifth decider 38 decides 
that the sampling point is bad and sets the phase con- 
trol for the phase controller 5. On the contrary, when no 



level change occurs, the optimum sampling point is 
decided to be set, and the phase where no level change 
occurs is set to the optimum sampling point. Thus, the 
optimum sampling point can be detected with a simple 
5 two-phase processing by receiving the particular video 
signal. Further, the level change can be detected with a 
low speed processing, and this is advantageous for fab- 
ricating the processing circuit in an integrated circuit. 
The two-phase processing circuit maybe realized in var- 
,o ious circuit structures besides the example shown in 
Fig. 10. 

[0043] Fig. 1 2 shows a flow of the control of a CPU 
in the fifth decider 38. First, the particular video signal 
30 which changes between black and white at the 
15 period of sampling frequency is started to be received 
(step S70). Next, the phase control signal 90 on the 
phase of sampling clock signal is changed to be sent to 
the phase controller 5 (step S72). Next, level change is 
monitored on the signal subjected to the two-phase 
20 processing by the level change detectors 36, 37 (step 
S74), and it is decided whether level change occurs or 
not (step S76). When level change is detected, because 
the sampling point is bad, the flow returns to step S72 to 
set a next sampling phase to continue the monitoring. 
25 When no level change is detected, it is decided next 
whether a predetermined time is completed or not (step 
S78). If it is decided that the predetermined time is not 
completed, the flow returns to step S74 to continue the 
monitoring. If it is decided that the predetermined time is 
30 completed, it is decided to be an optimum sampling 
point, and the phase is set to the optimum sampling 
phase (step S80). 

[0044] Although the present invention has been 
described in connection with the preferred embodi- 
35 ments thereof, it is to be noted that the scope of the 
invention is described in the appended claims and that 
various changes and modifications included therein are 
included in the present invention. 



40 Claims 

1 . A video signal processing apparatus comprising: 

a clock generator which generates a sampling 
45 clock signal for digitizing a video signal based 

on an input synchronization signal; 
a phase controller which controls phase of the 
sampling clock signal at one of a plurality of 
phases in one period of the sampling clock sig- 

50 nal; 

a first signal generator which generates a first 
signal when the input video signal is larger than 
a threshold level; 

a first counter which counts the first signal 
55 received from the first signal generator in a pre- 

determined time; 

a second signal generator which generates a 
second signal when the input video signal is 
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larger than another threshold level, at a timing 
according to the sampling clock signal control- 
led by said phase controller; 
a second counter which counts the second sig- 
nal received from the second signal generator 
in the predetermined time; and 
a controller which makes said phase controller 
sequentially change the phase of the sampling 
clock signal in a period of the sampling clock 
signal, repeats the phase change over one or 
more periods of the sampling clock signal and 
sets the phase of the optimum sampling clock 
signal based on a difference between the out- 
put signals of said first and second counters 
obtained for each of the changed phases. 

The video signal processing apparatus according to 
claim 1, wherein said first signal generator com- 
prises a binarizing circuit which converts the input 
video signal to a bi -level signal, and said second 
signal generator comprises an analog-to-digital 
converter which digitizes the input video signal. 

The video signal processing apparatus according to 
claim 1 , wherein said controller sets a phase of the 
sampling clock signal, at which an absolute value of 
the count values of the first and second signals is 
equal to or smaller than a predetermined value, to 
the phase of optimum sampling clock signal. 

The video signal processing apparatus according to 
claim 1 , wherein said controller sets a phase of the 
sampling clock signal, at which an absolute value of 
the count values of the first and second signals is 
equal to or smaller than a predetermined value and 
the absolute value is smallest, to phase of optimum 
sampling clock signal. 

The video signal processing apparatus according to 
claim 1, wherein said controller makes said phase 
controller change sequentially the phase of sam- 
pling clock signal in a period of the sampling clock 
signal, and when said controller continuously 
detects a phase of the sampling clock signal, at 
which an absolute value of count values of the first 
and second signals is equal to or smaller than a 
predetermined value, said controller sets a center 
value of the continuously detected phases of the 
sampling clock signal to the phase of optimum sam- 
pling clock signal. 

The video signal processing apparatus according to 
claim 1, wherein said controller makes said phase 
controller change sequentially the phase of sam- 
pling clock signal in a period of the sampling clock 
signal, and when said controller detects two or 
more phases of the sampling clock signal, at which 
an absolute value of count values of the first and 



second signals becomes maximum, said controller 
sets a center value of the two or more phases of the 
sampling clock signal to the phase of optimum sam- 
pling clock signal. 

5 

7. The video signal processing apparatus according to 
claim 1 , wherein said controller stops to control said 
phase controller when the output value of said first 
counter is equal to or smaller than a predetermined 

w value. 

8. The video signal processing apparatus according to 
claim 1 , further comprising: 

75 a threshold level controller which controls the 

threshold level of said first signal generator; 
and 

a comparator which compares the output sig- 
nal of said second signal generator with a dif- 

20 ferent threshold level; 

wherein said controller decides whether the 
output value of said first counter is equal to or 
smaller than the predetermined level and 
decreases the threshold levels of said first sig- 

25 nal generator and of said comparator when the 

output value of said first counter is equal to or 
smaller than the predetermined value. 

9. A video signal processing method comprising the 
30 steps of: 

generating a sampling clock signal for digitizing 
a video signal based on an input synchroniza- 
tion signal; 

35 sequentially changing phase of the sampling 

clock signal at one of a plurality of phases in 
one period of the sampling clock signal, and 
repeating the phase setting over one or more 
periods of the sampling clock signal. 

40 wherein for each of the phase setting, the 

method comprising further the stefc>s of: 
generating a first signal when the input video 
signal is larger than a threshold level and 
counting the first signal in a predetermined 

45 time; and 

generating a second signal when the input 
video signal , is larger than another threshold 
level at a timing according to the sampling 
clock signal and counting the second signal in 

so a predetermined time; and 

setting a phase of optimum sampling clock sig- 
nal based on differences between the count 
values obtained by repeating the phase 
change. 

55 

10. The video signal processing method according to 
claim 9, wherein the phase control is stopped when 
the count value of the first signal is decided to be 
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equal to or smaller than a predetermined value. 

* 11. The video signal processing method according to 
claim 9, wherein threshold levels for the first and 
second signals are decreased when the count 5 
value of the first signal is decided to be equal to or 
smaller than a predetermined value. 



12. A video signal processing apparatus comprising: 
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a signal generator which blnarizes an input 
video signal; 

a clock generator which generates a sampling 
clock signal based on an input synchronization 
signal; . 15 

a phase controller which controls phase of the 
sampling clock signal at one of a plurality of 
phases in one period of the sampling clock sig- 
nal; 

a delay circuit which delays an output signal of 20 
said signal generator by one sampling period; 
a maximum detector which receives the output 
signal of said signal generator and that of said 
delay circuit and performs subtraction of the 
two output signals to provide a maximum value 25 
of the absolute value of the subtraction; and 
a controller which makes said phase controller 
sequentially change the phase of sampling 
clock signal by said phase controller in a period 
of the sampling clock signal, repeats the phase 30 
setting over one or more periods of the sam- 
pling clock signal to decide the largest value in 
distribution of maximum values detected by 
said maximum detector and sets the phase of 
the largest value to an optimum sampling point. 35 

13. A video signal processing method comprising the 
steps: 

generating a sampling clock signal which digi- 40 
tizes a video signal based on input synchroni- 
zation signal; 

sequentially changing phase of the sampling 
clock at one of a plurality of phases in one 
period of the sampling clock signal; 45 
binarizing the input video signal; 
delaying the binarized signal by one sampling 
period; 

receiving the binarized signal and the delayed 
signal in a predetermined time and performs so 
subtraction of the two output signals to detect a 
maximum value of the absolute value of sub- 
traction; and 

deciding the largest value in distribution of the 
detected maximum values and setting the 55 
phase of the largest value to an optimum sam- 
pling point. 



14. A video signal processing apparatus comprising: 

a clock generator which generates a sampling 
clock signal based on an input synchronization 
signal; 

a phase controller which controls phase of the 
sampling clock signal generated by said clock 
generator; 

a signal generator which receives a video sig- 
nal which changes alternately at a frequency of 
the sampling clock signal and blnarizes the 
video signal at a timing of the sampling clock 
signal; 

a two-phase processor which subjects an out- 
put signal of said signal generator to two-phase 
processing; 

a plurality of level change detectors which 
detect the existence of level change for a plu- 
rality of output signals of said two-phase proc- 
essor; and 

a controller which makes said phase controller 
change phase of the sampling clock sequen- 
tially and sets a phase, at which any of said 
level change detectors does not detect level 
change, to an optimum sampling point. 

15. A video signal processing method comprising the 
steps: 

generating a sampling clock signal for digitizing 
a video signal, based on an input synchroniza- 
tion signal; 

changing phase of the sampling clock signal 
sequentially in a period of the sampling clock 
signal, and repeating the phase change over 
one or more periods of the sampling clock sig- 
nal, wherein for each of phase change, a video 
signal which changes alternately at a fre- 
quency of the sampling clock signal is received, 
the video signal is binarized at a sampling tim- 
ing of the sampling clock signal, the binarized 
signal is subjected to two-phase processing, 
and the level change is detected for a plurality 
of the output signals obtained in the two-phase 
processing; and 

setting a phase, at which the level change is 
not detected for any of the output signals, to an 
optimum sampling point. 
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